Abstract. The article compares two filters: a Butterworth filter and an asymmetric SEfilter.The experimental studydetermines their advantages and disadvantages.Also,experiments based on the peak signal-to-noise ratio(PSNR) metricshowvisual evaluation. The results of experimentsshow that a symmetric filter better restores images usinga small set of continuous function parametersthatare distorted by a low-frequency Gaussian filter.
orders (except for the steep drop in the characterof the suppression band), whereasmany other types of filters (Chebyshev filter, Bessel filter, elliptical filter) have different forms of frequency response in different orders. In [3] , a symmetric filter with a Wiener filter was compared. This paperpresents the results of an experimental comparison ofa symmetric filter and a low-frequency Butterworth filter.
Statement of the problem
The transfer function of a low-frequency Butterworth filter (SFNF) of order n with a cutoff frequency at a distance 0 D from the point of origin is written by the formula [4] 
The transfer function of the CFFF does not have a discontinuity, which establishes an exact boundary between the transmitted and cut frequencies. For filters with a smooth transfer function, it is common practice to determine the location of truncating frequencies as a set of points, where the values of the function ( , ) H u v become less than some of its largest value. In the case of the Butterworth function,
(less than 50% of the largest value equal to 1) for
The Butterworth filter is characterized by the order of filtering, a parameter that determines the steepness of the filter's transfer function. For small filter order values, the transfer function has a smooth shape, close in form to the transfer characteristic of the Gaussian filter; at high values, the filter is characterized by a steep transfer function and approaches the characteristics of an ideal filter in shape.
The advantages of low-frequency Butterworth filters include a lesser manifestation of unwanted blurring effects and the appearance of false circuits compared with an ideal low-frequency filter. As the order of the low-frequency Butterworth filter increases, the effects of blurring also increases.
An experimental comparison of the Butterworth filter with a symmetric SE-filter is interesting. In this paper, a FIR filter with a zero phase was constructed, that is with a real frequency response [2, 5] . Hence the reference region will bea NN  square with side N and center in the point with coordinates
The filter has a reference region D:
The count of the image 
where 12 ( , ) h k k is a two-dimensional impulse response.
To describe the one-dimensional frequency response in the radial direction, Iuse the QEFR filter model 
As (7) shows, the approximation of the impulse response () hr is reduced by tuning two parameters: *  and с . Parameter *  is the abscissa of the greatest value of the frequency response of the FIR filter.
Parameter c characterizes the degree of presence of high frequencies in the reconstructed image. The advantages of this technology for constructing FIR filters include the possibility of achieving a high quality of image reconstruction by tuning a small number of parameters of a continuous function approximating the impulse response corresponding to a given frequency response.
Results of experiments
In the Butterworth filter, also to the distance 0 D outside of which all high-frequency components of the Fourier image, which is set from 0 to 256, are removed, the filter order from 0 to 20 is additionally specified.
The filter parameters were adjusted using the "Lena" test image ( Figure 1 ). In this paper, the PSNR (peak-to-noise ratio) metric is used, defined by the formula: The problem of using the Butterworth filter is that onemust choose the cutoff frequency and the filter order by oneself. Choosing non-optimal values can lead to significant distortions in the filtered image. For example, if onetakes too small a cutoff frequency, most of the minor details of interest will be eliminated. If high values are selected, the processed image will be different from the test image, and the noise level will become insignificant. As the order of the low-frequency Butterworth filter increases, undesirable effects of blurring increase. Also, at very low cutoff frequencies, the so-called "ringing" effect or the Gibbs effect can appear on the filtered images. It is expressed in the appearance of false contours around real ones. 
Conclusion
As a result of these experiments, the following conclusions can be drawn. A radial-symmetric filter has a high quality of distorted imagesrecovery due to the change of a small number of continuous function parameters. Selecting the optimal filtering parameters is difficult when the Butterworth filter is used. It is necessary to conduct a large number of experiments to find the optimal values of the cutoff frequency and the order of the filtration.
Also, a symmetric filter has advantages in quality evaluationby the PSNR metric. A visual assessment of the quality of images processed with a radial-symmetric filter and a Butterworth filter determined thatthe first one coped better with removing the Gaussian blur. Thus, it was found that the use of a radially symmetric SE-filter can provide a quality (by PSNR) superior to the result obtained by using of the Butterworth filter. It is also worth noting that edge effects and blurring, in contrast to the Butterworth filter, are very small in this case.
